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EXTERNAL SHAFT LOW FLOOR DRIVE AXLE ASSEMBLY 
BACKGROUND OF THE INVENTION 

This invention relates to drive axle assembly, and more particularly to an inverted 
portal drive axle assembly with an external shaft for driving a mass transit vehicle where 
the drive axle assembly provides a significantly lower floor profile. 

Mass transit vehicles, such as trolley cars, buses, and the like typically have seats 
aligned at the lateral sides of the vehicle, with a central aisle and floor extending along 
the vehicle. In order to facilitate entering and exiting from the vehicle, it is desirable to 
have the vehicle floor and aisle positioned relatively low to the ground. This provides 
faster cycle time during stops and facilitates boarding for all passengers, especially for 
elderly and disabled passengers, as well as for children. 

Mass transit vehicles typically have several axles that support, drive and steer the 
vehicle. Many such vehicles provide a rigid axle having an input positioned off-center 
near one wheel end to form an inverted portal axle configuration. This configuration 
permits the vehicle floor to be positioned closer to ground level than would occur with a 
traditional drive axle configuration, i.e., a non-inverted portal axle configuration. 
However, there still is a need to move the vehicle floor even closer to the ground. 

A traditional inverted portal axle configuration has a short axle shaft that drives 
one wheel assembly and a long axle shaft that drives the opposite wheel assembly. The 
axle shafts have different lengths due to the input being positioned off-center, i.e., the 
input is positioned closer to one wheel assembly than the other wheel assembly. The 
axle shafts are enclosed within an axle housing that extends between the wheel 
assemblies and underneath the vehicle floor. 



1 



docket #60,130-1844 (03MRA0338) 

One disadvantage with the inverted portal axle configuration is that the low floor 
profile is limited by the portal axle housing. There is a minimum required clearance 
distance between the vehicle floor and the axle housing. There is also a minimum 
required clearance distance between the axle housing and the axle shaft. Currently, the 
height between the vehicle floor and ground level is limited by sum of these two (2) 
minimum required clearance distances plus the wall thickness of the housing. 

Accordingly, it is desirable to provide an inverted portal axle configuration that 
provides an improved low floor profile to facilitate access to the vehicle as well as 
overcoming the other above-mentioned deficiencies with the prior art. 

SUMMARY OF THE INVENTION 

An inverted portal drive axle includes an axle housing that extends underneath a 
vehicle floor. A driving input is coupled to an axle shaft assembly that drives first and 
second wheel assemblies. A portion of the axle shaft assembly is enclosed within the 
housing and a portion of the axle shaft assembly is exposed and is positioned between 
the vehicle floor and the axle housing. 

In one disclosed embodiment, the inverted portal drive axle includes a differential 
that is driven by a vehicle power source. A first axle shaft has one end coupled to the 
differential and an opposite end coupled to a first gear box. A second axle shaft has one 
end coupled to the differential and an opposite end coupled to a second gear box. The 
first and second gear boxes in turn drive first and second wheel assemblies, respectively. 
The differential is positioned closer to the first wheel assembly than the second wheel 
assembly, thus the second axle shaft is significantly longer than the first axle shaft. The 
axle housing extends underneath a vehicle floor between the first and second gear boxes. 
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The housing includes an exterior surface having a portion that faces the vehicle floor and 
includes an interior surface that defines an enclosed cavity. A central portion of the 
second axle shaft is positioned outside of the enclosed cavity between the external 
surface of the axle housing and the vehicle floor. 

[9] In one disclosed embodiment, the axle housing includes an externally formed 

ledge that extends along the length of the axle housing. The ledge includes a horizontal 
surface that transitions into a vertical surface. The horizontal surface is positioned 
directly underneath the second axle shaft and the vertical surface is positioned directly 
adjacent to one side of the axle shaft. 

[10] In one disclosed embodiment, portions of the first and second ends of the second 

axle shaft are enclosed within the axle housing. Seal assemblies provide a sealing 
interface between the ends of the second axle shaft and the axle housing to seal oil within 
the housing and to prevent outside contamination. 

[11] The subject invention provides an inverted portal drive axle with an exposed axle 

shaft, which provides an improved low floor profile to facilitate access to a vehicle. 
These and other features of the present invention can be best understood from the 
following specifications and drawings, the following of which is a brief description. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[12] Figure 1A is side view of a vehicle incorporating a prior art inverted portal drive 

axle assembly. 

[13] Figure IB is a cross-sectional view as indicated at line IB of Figure 1A. 

[14] Figure 1C is a cross-sectional view as indicated at line 1C of Figure IB. 
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[15] 



Figure 2A is a side view of a vehicle with an inverted portal drive axle assembly 



incorporating the subject invention. 



[16] 



Figure 2B is a schematic cross-sectional view, partially broken away, as indicated 



at line 2B of Figure 2A. 



[17] 



Figure 2C is a cross-sectional view as indicated at line 2C of Figure 2B. 



DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 



[18] 



A vehicle 10 incorporating a traditional inverted portal axle 12 is shown in 



Figures 1A-1C. The inverted portal axle 12 is driven by a vehicle power source 14 and 
includes a pair of wheel assemblies 16 and an axle housing 18 extending between the 
wheel assemblies 16. The vehicle power source 14 could be a gas or diesel engine, an 
electric motor, a hybrid power source, or any other similar power source known in the 
art. 

[19] A driving axle input 20, coupled to the vehicle power source 14, is positioned to 

one lateral side of vehicle centerline. Preferably, the driving input 20 comprises a 
differential that permits speed differentiation between the laterally spaced wheel 
assemblies 16. The operation of a differential is well-known in the art and will not be 
discussed in detail. 

[20] The inverted portal axle 12 has a short axle shaft 22 that drives one wheel 

assembly 16a and a long axle shaft 24 that extends underneath a vehicle floor 26 to drive 
the opposite wheel assembly 16b. The axle shafts 22, 24 have different lengths due to 
the input 20 being positioned off-center, i.e., the input 20 is positioned closer to one 
wheel assembly 16a than the other wheel assembly 16b. The axle shafts 22, 24 are 
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enclosed within the axle housing 18 that extends between the wheel assemblies 16a, 16b 
and underneath the vehicle floor 26. 

[21] Each of the axle shafts 22, 24 is coupled to a gear box 28. The gear boxes 28 

drive the wheel assemblies 16a, 16b. The axle shafts 22, 24 define an axle shaft axis of 
rotation 30 and the wheel assemblies 16a, 16b define a wheel assembly axis of rotation 
32. The axle shaft axis of rotation 30 is parallel to and spaced apart from the wheel axis 
of rotation 32. The gear boxes 28 are used to transfer the driving power from the input 
20 at the axle shaft level, up to the wheel assemblies 16a, 16b at the wheel axis of 
rotation level. Thus, the axle shaft axis of rotation 30 is vertically lower to ground level 
34 than the wheel axis of rotation 32. 

[22] The inverted portal axle 12 defines a floor profile having a height HI between the 

vehicle floor 26 and ground 34. The inverted portal axle configuration, with the central 
low driving input 20 that is raised up to the wheel assemblies 16 at the sides of the 
vehicle 10, permits the vehicle floor 26 to be positioned close to the ground level 34. 
However, there is a need to have the floor 26 positioned even closer to the ground level 
34. 

[23] Currently, the axle housing 18 limits the distance that the floor 26 can be lowered 

toward the ground 34. As discussed above, the longer axle shaft 24, which is enclosed 
within an interior cavity 38 of the axle housing 18, runs underneath the vehicle floor 26 
from the driving input 20 to the opposite gear box 28. As shown in Figure 1C, a first 
minimum clearance distance A is required between an interior surface 40 of the axle 
housing 18 and the rotating axle shaft 24. A second minimum clearance distance B is 
required between the vehicle floor 26 and an exterior surface 42 of the axle housing 18. 
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Further, there is a minimum wall thickness C required for the axle housing 18. Thus, a 
total distance from the vehicle floor 26 to the rotating axle shaft 24 is A + B + C. 

[24] In order to facilitate ingress and egress from vehicles such as buses, trolley cars, 

etc., it is desirable to move the vehicle floor 26 even lower to the ground level. A 
vehicle 50 with a unique inverted portal drive axle assembly 52 is shown in Figures 2A- 
2C. The inverted portal axle 52 is driven by a vehicle power source 54 and includes a 
pair of wheel assemblies 56 and an axle housing 58 extending between the wheel 
assemblies 56. As discussed above, the vehicle power source 54 could by any type of 
power source known in the art. 

[25] A driving axle input 60, coupled to the vehicle power source 54, is positioned to 

one lateral side of vehicle centerline. The driving input 60 preferably comprises a 
differential. The inverted portal axle 52 has a short axle shaft 62 that drives one wheel 
assembly 56a and a long axle shaft 64 that extends underneath a vehicle floor 66 to drive 
the opposite wheel assembly 56b. The axle shafts 62, 64 have different lengths due to 
the input 60 being positioned off-center, i.e., the input 60 is positioned closer to one 
wheel assembly 56a than the other wheel assembly 56b. 

[26] The axle housing 58 extends between the wheel assemblies 56a, 56b and 

underneath the vehicle floor 66. The shorter axle shaft 62 is enclosed within the axle 
housing 58. The longer axle shaft 64 includes a significant exposed portion that is 
positioned between the vehicle floor 66 and the axle housing 58. 

[27] Each of the axle shafts 62, 64 is coupled to a gear box 68. The gear boxes 68 

drive the wheel assemblies 56a, 56b. The axle shafts 62, 64 define an axle shaft axis of 
rotation 70 and the wheel assemblies 56a, 56b define a wheel assembly axis of rotation 
72. The axle shaft axis of rotation 70 is parallel to and spaced apart from the wheel axis 
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of rotation 72. The gear boxes 68 are used to transfer the driving power from the input 
60 at the axle shaft level, up to the wheel assemblies 56a, 56b at the wheel axis of 
rotation level. Thus, the axle shaft axis of rotation 70 is vertically lower to ground level 
74 than the wheel axis of rotation 72. 

[28] The inverted portal axle 52 defines a floor profile having a height H2 between the 

vehicle floor 66 and ground level 74. The inverted portal axle configuration, with the 
exposed longer axle shaft 64, permits the vehicle floor 66 to be positioned closer to the 
ground level 74 than the traditional inverted portal drive axle assembly 12. 

[29] As shown in Figure 2C, the axle housing 58 includes an external surface 76 

facing the vehicle floor 66 and an interior surface 78 defining an enclosed cavity 80. The 
longer axle shaft 64 includes a first end 82 coupled to the driving input 60, a second end 
84 coupled to the gear box 68 to drive the wheel assembly 56b, and an exposed central 
portion 86 interconnecting the first 82 and second 84 ends. The central portion 86 of the 
axle shaft 64, i.e. the portion that extends underneath an aisle portion of the vehicle floor 
66, is positioned outside the enclosed cavity 80 between the external surface 76 and the 
vehicle floor 66. 

[30] At least a portion of the first 82 and second 84 ends are enclosed within the axle 

housing 58. A first seal assembly 88 is in sealing engagement between the first end 82 
of the axle shaft 64 and the axle housing 58 and a second seal assembly 90 is in sealing 
engagement between the second end 84 of the axle shaft 64 and the axle housing 58. 
The axle housing 58 includes a web portion 92 for seating the seal assemblies 88, 90. 
Further, the seal assemblies 88, 90 preferably include debris shields such that seal 
assemblies 88, 90 contain lubricating oil within the axle housing 58 while simultaneously 
preventing contamination from outside particulates. 
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The shorter axle shaft 62 has a first end 94 coupled to the driving input 60 and a 
second end 96 coupled to one of the gear boxes 68. The first end 94 is enclosed within 
the cavity 80 of the axle housing 58 and the second end 96 extends into a gear box 
housing 98. Similarly, the second end 84 of the longer axle shaft 64 extends into a gear 
box housing 98 coupled to the other wheel assembly 56b. 

The axle housing 58 includes an externally formed ledge 100 extending in a 
direction parallel to the axle shaft and wheel axes of rotation 70, 72. The ledge 100 
includes a horizontal surface 102 that transitions into a vertical surface 104 to form an re- 
shaped recess 106 that receives the axle shaft 64. The horizontal surface 102 is 
positioned immediately underneath the axle shaft 64 and the vertical surface 104 is 
positioned immediately adjacent to one side of the axle shaft 64. This configuration 
allows the vehicle floor 66 to be lowered by a distance equal to A+C, which generally 
equates to 14-20 mm. The clearance between the axle shaft 64 and the vehicle floor 66 
remains the same as the clearance between the floor 26 and the axle housing 18, i.e., 
B=D, in the traditional configuration. 

Thus, this unique inverted portal drive axle assembly 52 provides for a lower 
vehicle floor 66 by positioning a central portion of the longer axle shaft 64 above the 
axle housing 58 and below the vehicle floor 66. Although a preferred embodiment of 
this invention has been disclosed, a worker of ordinary skill in this art would recognize 
that certain modifications would come within the scope of this invention. For that 
reason, the following claims should be studied to determine the true scope and content of 
this invention. 
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